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Rubber seed oil, derived from the seeds of the rubber tree e Hevea brasiliensis, has been shown as a
viable option for biodiesel production. However, few studies have investigated the factors inﬂuencing
rubber seed yield. This study evaluates rubber seed yield through in situ counting of rubber seeds from
the dominant rubber tree clones (RRIM600# and GT1#) in Xishuangbanna, China. Comparisons of seed
yield across tree age classes and along an elevation gradient were carried out. The rubber seed yield
survey was then used as a predictor for potential rubber seed oil production, both locally and regionally,
and calculates the potential biodiesel production from the rubber seed oil. The results indicate that
rubber seed yield is directly linked with tree age and size, and that elevation does not affect rubber seed
yield within this region. Seed yield varied greatly (3-fold) between the two cultivars studied. Further-
more, it was calculated that there is a potential production of 1.94 Mt of rubber seed oil and 1.80 Mt of
biodiesel from this oil, within SE Asia (Southeast Asia).
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Biodiesel has been proposed as a viable option for the supple-
mentation of fossil fuels and is likely to be a key contributor to the
global energy demand. The primary constraint for the production of
biodiesel is the lack of available feedstock to produce biodiesel on a
large enough scale [1e3]. The threemain sources of oil for biodiesel
production originate from: 1) the use of edible oils, 2) non-edible
oils, and 3) microalgae [1,2]. However, due to competition for
land use spacewith food crops, edible oils are less of a viable option,
and currently microalgae production is too expensive to be pro-
duced on a large scale, leaving non-edible oils as the best source of
oils for biodiesel [2e4].
There are a number of non-edible vegetable oil plants that have
potential for use in biodiesel production, of these, Jatropha curcas
has received a lot of attention and been the focus of much research
[5e7]. However, other viable options are still required, especially in
light of the large scale production required to supply enough oil to
meet energy demands and competition for land space with food
crops.tre, East and Central Asia,
er).
Ltd. This is an open access article uRSO (Rubber seed oil), derived from the seeds of Hevea brasi-
liensis, is an exciting alternative with great potential for use in
biodiesel production [8,9]. Furthermore, it can be injected directly
into an internal-combustion engine [10], or blended with diesel
derived from fossil fuels [11]. RSO can also be transferred into
RSOME (rubber seed oil methyl ester) using different trans-esteri-
ﬁcation methods [8,12e15], and by different catalysts [16]. In order
to improve the fuel performance, RSO and RSOME can be inducted
by hydrogen [17] or coir-pith producer gas [18], or mixed with
diethyl ether [19]. The performance and emissions of RSO biodiesel
have been tested [20] and compared with other vegetable based
biodiesels [21,22], and found to be a suitable vegetable oil for bio-
diesel production. The work of Satyanarayana and Muraleedharan
[23] found that not only is RSO a viable option for biodiesel pro-
duction, but it also had the lowest CO2 and NO2 emission rates of
the vegetable oils tested in the study. An additional factor making
RSO an attractive option for biodiesel production is the existing
scale at which rubber plantations already exist, thus eliminating
competition for land space with vegetable crops. It has been re-
ported that there is currently 9,712,355.52 Ha of rubber plantations
worldwide in 2011 [24].
Despite the role RSO can play in the production of biodiesel,
little attention has been given to rubber seed yield. Few studies
have investigated rubber seed yields and even these amounts
were based on estimates and not ﬁxed counts (Table 1)nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Table 1
Past studies showing the estimated rubber seed yield for Asia. Studies were carried
out between the years 1930 and 2010.
Country or region Estimated rubber
seed yields
Year References
Southeast Asia 136 kg/ha yr 1930 [25]
Indian 150 kg/ha yr 1990e2010 [11,15,17e20,26]
160 kg/ha yr 2011 [12]
Malaysia 150 kg/ha yr 2010 [22]
Bangladesh 150 kg/ha yr 2011 [27]
Chinaa 150 kg/ha yr 2008 [28e30]
375 kg/ha yr 2004e2011 [31]
1500-2000 kg/ha yr 1999e2005 [32,33]
a Different values of rubber seed yields are due to different planting densities.
Fig. 1. Xishuangbanna, highlighted in green, and the Southeast Asia rubber plantation
zone in red (a), and the Xishuangbanna rubber plantation zone (b). The ﬁrst map (a) is
modiﬁed from the Mapping of rubber tree growth in mainland Southeast Asia using
time-series MODIS 250 m NDVI [3]. The second map (b) is a modiﬁed version of the
Landscape transformation through the use of ecological and socioeconomic indicators
in Xishuangbanna, Southwest China [2].
Y. Zhu et al. / Energy 69 (2014) 837e842838[11,12,15,17e20,22,25e33]. However, other studies have high-
lighted the need to investigate new sources of biofuels, for
example, Wu et al. [34], state that China should now focus on non-
edible biomass for biodiesel production and thus seek alternative
sources for biofuels, and one such source would be rubber seed oil.
Given the large areas around the world under rubber planta-
tions and the potential value of RSO that can be produced, it is
essential to fully understand what affects the seed yield of rubber
trees. Within China, Xishuangbanna, which lies at the northern end
of Southeast Asian rubber plantation zone [35], has the highest
concentration of rubber plantations and thus has abundant rubber
seed resources (Fig. 1a) [35,36], making it an ideal location to
investigate rubber seed yields. Based on the lack of current litera-
ture relating to seed yield in rubber plantations, this paper aims to
investigate the affect of tree age and size, as well as environmental
factors, such as elevation, on seed yield from rubber trees grown in
Xishuangbanna. Furthermore, we calculate the potential (based on
calculated amounts of rubber seeds produced per hectare) RSO that
can be produced in Xishuangbanna, as well as in the entire SE Asia
(Southeast Asia) region. These ﬁgures are converted into ﬁxed
amounts of potential (based on the conversion of RSO to biodiesel)
biodiesel that could be produced from the RSO.
2. Materials and methods
2.1. Study site
Xishuangbanna lies in the Southeast part of Yunnan Province,
China (Fig. 1a). As of the end of 2010, there were 342.3 kHa of
planted rubber in this region [37]. For the Xishuangbanna area,
rubber trees are planted in a 2 m  10 m grid, amounting to 500
trees per hectare [38].
The climate is summer monsoon, rains falling between May and
October. There are frequent heavy rains and strong winds in July
and August, often resulting in rubber trees being blown over or the
breaking of branches, and landslides, which bring down entire
rubber trees. This is of use when carrying out the seed counts for
the trees.
Sampling and rubber seed counting was conducted at 8 sites in
Xishuangbanna (Fig. 1b), during July and August 2012. The datawas
derived from two rubber clones, RRIM600# and GT1#, the main
plantation clones for Xishuangbanna, accounting for 94% of rubber
trees in this region [39]. The 8 sites were spread out over the
Xishuangbanna County and included the dominant clones for this
area, thus assuring that our sampling pool is representative of the
greater region, which is dominated by the same clonal types.
2.2. Fruit count
We used two methods for collecting and counting seeds, which
proved suitable for rubber trees of different ages, these methodswere adapted from past studies on the calculation of tree fruit yield
[40e43]. The line of sight method-counting fruit/seeds in situ,
either from the ground (for smaller trees) or with the aid of a ladder
(for larger trees) and second, by counting the fruits on broken
branches or trees that have fallen over due to storm damage.
Rubber seed yield was then determined by calculating the average
seed number, or weight, for a tree of a given age, and then factoring
the number of rubber trees for a given area.
A number of assumptions have been made within this data set
and the related calculations, which may result in certain limita-
tions. A key assumption we are making is that the methods we
have used will provide accurate data regarding the fruit count of
rubber trees for the greater region, outside of Xishuangbanna.
Furthermore, we assume that planting densities and seed yield
Y. Zhu et al. / Energy 69 (2014) 837e842 839for this study is representative of the SE Asia region. We also rely
on government records and interview data from the local rubber
farmers for the assessment of tree age, and assume this is accu-
rate. Based on the planting histories of the region and that the
clones grown in Xishuangbanna were derived from those used in
SE Asia, we are conﬁdent that our work is accurate and
representative.2.3. Calculations and statistics
Fruit counts from 21 trees between the ages of 4e7 years and
106 trees between the ages of 8e40 years were recorded. Tree age
was determined by consulting government records or local farmers,
who supplied the time of planting.
The following formulae were used to calculate seed yield, seed
oil weight and to convert rubber seed oil to biodiesel:
1. Seed yield (g ha1):
S ¼ ðF  SnÞ  Sw  ðTnÞwhere S represents the total seed yield; F is the amount of fruit on the
tree, Sn is the number of seeds per fruit (Sn ¼ 3 for rubber trees), Sw
represents the average seed weight (average seed weight for
RRIM600# is3.086g, and forGT1# is2.777g [43,44], andTn isnumber
of trees in 1 ha of rubber plantation (Tn ¼ 500 for this study [38]).
2. Seed oil weight (g):
SOw ¼ ðSw  SoÞ=100where SOw is the total seed oil weight; Sw the average seed weight
(average seed weight for RRIM600# is 3.086 g, and for GT1# is
2.777 g [44]), and So the seed oil content (So ¼ 0.1667 for rubber
seeds [44]).
3. Total yield of rubber seeds (kg yr):
RStotal ¼ ðRSa  PaÞ þ ðRSb  PbÞ þ ðRSc  PcÞ  Atotal
where RStotal represents the total amount of rubber seeds produced
(kg yr).
For a given area, in this case, Xishuangbanna; RSa, RSb, and RSc
represent the amount of rubber seeds produced for the different
clonal varieties found in Xishuangbanna (a e RRIM600#, b e GT1#,
and C e average of remaining clones); P is the proportion of total
land utilized by the respective clones, in relation to the total area
under rubber cultivation (a e 0.34, b e 0.6, c e 0.06); and Atotal is
the total area under rubber cultivation (324.300 ha).
4. Total RSO (t):
RSO ¼ RStotal  0:1667Fig. 2. Rubber fruit yield correlated against tree age (a) and rubber fruit yield corre-
lated against diameter at breast height (b), for the two dominant rubber clones
(RRIM600# and GT1#) planted in Xishuangbanna. Open circles represent the clone
RRIM600# and open squares represent GT1#, with the following curve equations:
graph (a): RRIM600# y ¼ EXP (8.077e231.510/x), R2 ¼ 0.865 and for GT1# y ¼ EXP
(10.458e297.392/x), R2 ¼ 0.857; and graph (b): RRIM600# y ¼ EXP (8.077e231.510/x),
R2 ¼ 0.865 and for GT1# y ¼ EXP (10.458e297.392/x), R2 ¼ 0.857.where RSO is the rubber seed oil; RStotal is the total rubber seeds
produced (kg yr); and 0.1667 is the proportion of rubber seed oil in
a rubber seed on a weight basis [44].
5. Conversion of RSO to biodiesel: Biodiesel derived from RSO falls
between 93 and 98 percent of the weight of RSO [8,15,33,45],
with 98% being an optimal conversion. We assumed the con-
servative scenario of 93% for our calculations, thus we calculate
the biodiesel produced from RSO as follows:BðgÞ ¼ RSOðgÞ  0:93where B represents biodiesel (g) and RSO is rubber seed oil (g).
Correlation and regression analyses were carried out using SPSS
Statistics (version 17.0.0) software. A Student’s T-test was per-
formed to determine the inﬂuence of altitude on fruit yield.3. Results and discussion
3.1. Relationship between tree age and size, and fruit yield
Regression analysis revealed that fruit yield increased with tree
age according to an S curve, the curve equations for the two clones
RRIM600# and GT1# being Fruit ¼ EXP (6.351e27.330/age) and
R2 ¼ 0.898 and Fruit ¼ EXP (7.612e27.635/diameter at breast
height), R2 ¼ 0.867 respectively (Fig. 2a). Similarly, and directly
related to tree age, DBH (diameter at breast height) was positively
correlated with fruit yield (Fig. 2b). The curve equations for
RRIM600# and GT1# were Fruit ¼ EXP (8.077e231.510/age),
R2 ¼ 0.865 and Fruit ¼ EXP (10.458e297.392/diameter at breast
height), R2 ¼ 0.857 respectively. These ﬁndings are in agreement
with past studies investigating the relationship between the fruit
and nut yield of trees against tree age and size, which found that
yield increased as the trees aged and increased in size and DBH.
Table 2
Estimated potential values for rubber seed oil and related biodiesel production in
Southeast Asia. Values are based on the calculated amounts of rubber seed yield and
on the assumption that planting densities and seed yield for this study is repre-
sentative of the SE Asia region.
Country Rubber area
harvested
(Ha)a
Estimated
rubber seed
production (T)
Rubber seed oil
potential (T)
Biodiesel
produced from
RSO (T)
Cambodia 36,051 55,994 9332 8679
Bangladesh 59,054 91,722 15,287 14,217
Myanmar 198,364 308,097 51,349 47,755
Sri Lanka 127,000 197,255 32,876 30,575
Philippines 161,565 250,941 41,824 38,896
Viet Nam 459,948 714,387 119,064 110,730
India 485,665 754,330 125,722 116,921
China 597,770 928,450 154,742 143,910
Malaysia 1,117,392 1,735,522 289,254 269,006
Thailand 2,042,502 3,172,394 528,732 491,721
Indonesia 3,456,100 5,367,980 894,663 832,037
Southeast Asia 7,476,192 11,611,947 1,935,324 1,799,852
Asia 8,745,681 13,583,704 2,263,951 2,105,474
a Data source: Food and Agriculture Organization FAOSTAT database 2011 [24].Fig. 3. The average rubber seed yield at two different elevation zones. Different letters
above the columns represents signiﬁcant differences.
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also been found to inﬂuence yield [42,46].3.2. Seed yield not inﬂuenced by altitude
Seed yield was unaffected by altitude (Fig. 3), although, in
Xishuangbanna it may appear that yield is inversely correlatedwith
elevation as younger trees, which have been linked with lower seed
yield (Fig. 2a), are planted in the higher elevations. The planting of
rubber into higher elevation zones comes about as prime planting
areas in lower elevations are fully utilized. In contrast, rubber latex
yields are known to decline and plantations are not economically
viable above elevations of approximately 900 m in the Xishuang-
banna area [37].3.3. Rubber seed yield and potential biodiesel production in
Xishuangbanna
The average yield, calculated over a 40 year cycle, varied more
than threefold between the two dominant clones, with RRIM600#
producing 142, and GT1# 495 fruit each year. This has major im-
plications regarding cultivar selection for the planting of new
plantations as the rubber seed industry develops and provides
alternative sources of income for rubber farmers. Farmers canFig. 4. The ratio of rubber planting worldwide and for the Asian regioncurrently earn 0.8e1.0 Yuan/kg for rubber seeds in Xishuangbanna,
although it is likely that this value would increase as the market
demand for rubber seeds is further developed.
When expressing the yield values according to a unit area, the
RRIM600# produces 656.90 kg/ha/yr, and GT1# 2061.09 kg/ha/yr.
Despite the threefold difference between the two clones, these
values are far greater than many other studies on rubber seed yield
(Table 1) [25,26,28,31]. We are conﬁdent that the values presented
here for seed yield are representative of the true yield for rubber
trees in this region, as this is one of the few studies which has
actively investigated this value. Many of the past studies have based
yield values on government reports or sales ﬁgures from farmers,
rather than directly investigating the number of fruit on the trees,
as this was not the within the aims of these studies. Coupled with
this, results from studies outside of SE Asia may be representative
of other clonal types of rubber, which would yield different
numbers of fruit, as well as being exposed to different environ-
mental inﬂuences on fruiting.
GT1# and RRIM600# take 60% and 34% of the total area under
rubber plantation in Xishuangbanna respectively, while other
clones (such as PR107# and PR302#) take less than 6% of the
planting area [39]. The average yield for this area, accounting for
the percentage cover of the different clones, is 1553.19 kg.ha.yr1
amounting to a seed production of 531,657 tones. Thus, there is a
potential to produce 88,609 tones of RSO annually, subsequently,, as of 2010. Source: Food and Agricultural Organization, 2010 [32].
Fig. 5. The largest contributors to vegetable oil production on a global scale, with an inset of the potential rubber seed oil that can be produced in Asia. Modiﬁed from the FAOSTAT
2011 [48].
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diesel annually. This amount of RSO and biodiesel represent a huge
resource that remains largely unutilized.
3.4. Rubber seed oil and potential biodiesel production for
Southeast Asia
According to the Food and Agricultural Organization, in 2011
there were 9.71 MHa of rubber plantations worldwide. Of these,
90.05% are found in Asia (Fig. 4) [24]. Southeast Asia has 7.48 MHa
of rubber plantations, making up 76.98% of the world’s total rubber
[24]. RRIM600# and GT1# are from Malaysia and Indonesia origi-
nally [47], thus, working on the assumption that the average seed
yield for Xishuangbanna is representative of the greater Southeast
Asia region (as the clones and planting density are representative of
the region [38,47]), we calculated the potential seed yield and
subsequent rubber seed oil potential for the SE Asia region, which
amounted to a total oil yield of 1.94 Mt (Table 2). We use the term
potential, as this is what is possible, should the full extent of the
rubber seeds produced in this region be utilized. When viewed in
comparison to other bio-oils, the potential RSO production for this
region exceeds that of the global production of sesame oil, safﬂower
oil and linseed oil (Fig. 5) [48]. Additionally, if the RSO is converted
to biodiesel, it amounts to an annual output of approximately
1.80 Mt of biodiesel from the SE Asia region (Table 2).
4. Conclusion
This is one of the ﬁrst studies to clearly investigate and report on
the average rubber seed yield of rubber trees, of different ages, as
well as rubber plantations. In terms of factors inﬂuencing rubber
seed yield, tree age and size are directly correlated with increased
seed yield, and altitude does not play an inﬂuencing role. Further-
more, H. brasiliensis clonal types strongly inﬂuenced the amount of
rubber seeds produced per hectare, a factor worth considering
when establishing new plantations. The potential income provided
to farmers and the contribution to the renewable energy sector act
as strong incentives to pursue the development of this industry, as
we can clearly show the full potential of rubber seed yield, as well
as the related RSO (1.94 Mt) and biodiesel (1.80 Mt) production, on
both a local and a regional scale.
Acknowledgements
Funding for this work was partially provided by the CGIAR
Research Program 1.2 e Humidtropics: Integrated systems for thehumid tropics. This research is also part of the CGIAR Research
Program 6: Forests, Trees and Agroforestry.References
[1] Atabani A, Silitonga A, Badruddin IA, Mahlia T, Masjuki H, Mekhilef S.
A comprehensive review on biodiesel as an alternative energy resource and its
characteristics. Renew Sustain Energy Rev 2012;16(4):2070e93.
[2] Singh S, Singh D. Biodiesel production through the use of different sources and
characterization of oils and their esters as the substitute of diesel: a review.
Renew Sustain Energy Rev 2010;14(1):200e16.
[3] Balat M. Potential alternatives to edible oils for biodiesel productioneA review
of current work. Energy Convers Manag 2011;52(2):1479e92.
[4] Brennan L, Owende P. Biofuels from microalgaeda review of technologies for
production, processing, and extractions of biofuels and co-products. Renew
Sustain Energy Rev 2010;14(2):557e77.
[5] Moﬁjur M, Masjuki H, Kalam M, Atabani A. Evaluation of biodiesel blending,
engine performance and emissions characteristics of Jatropha curcas methyl
ester: Malaysian perspective. Energy 2013;55:879e87.
[6] Jain S, Sharma M. Prospects of biodiesel from Jatropha in India: a review.
Renew Sustain Energy Rev 2010;14(2):763e71.
[7] Openshaw K. A review of Jatropha curcas: an oil plant of unfulﬁlled promise.
Biomass Bioenergy 2000;19(1):1e15.
[8] IkwuagwuO, Ononogbu I, Njoku O. Production of biodiesel using rubber [Hevea
brasiliensis (Kunth. Muell.)] seed oil. Industrial Crops Prod 2000;12(1):57e62.
[9] Gui MM, Lee K, Bhatia S. Feasibility of edible oil vs. non-edible oil vs. waste
edible oil as biodiesel feedstock. Energy 2008;33(11):1646e53.
[10] Geo EV, Nagarajan G, Nagalingam B. Experiments on behaviour of preheated
rubber seed oil in a direct injection diesel engine. J Energy Inst 2008;81(3):
177e80.
[11] Ramadhas A, Jayaraj S, Muraleedharan C. Characterization and effect of using
rubber seed oil as fuel in the compression ignition engines. Renew Energy
2005;30(5):795e803.
[12] Melvin Jose D, Edwin Raj R, Durga Prasad B, Robert Kennedy Z, Mohammed
Ibrahim A. A multi-variant approach to optimize process parameters for
biodiesel extraction from rubber seed oil. Appl Energy 2011;88(6):2056e63.
[13] Satyanarayana M, Muraleedharan C. Methyl ester production from rubber
seed oil using two-step pretreatment process. Int J Green Energy 2010;7(1):
84e90.
[14] Khan MA, Yusup S, Ahmad MM. Acid esteriﬁcation of a high free fatty acid
crude palm oil and crude rubber seed oil blend: optimization and parametric
analysis. Biomass Bioenergy 2010;34(12):1751e6.
[15] Ramadhas AS, Jayaraj S, Muraleedharan C. Biodiesel production from high FFA
rubber seed oil. Fuel 2005;84(4):335e40.
[16] Yang R, Su M, Zhang J, Jin F, Zha C, Li M, et al. Biodiesel production from rubber
seed oil using poly (sodium acrylate) supporting NaOH as a water-resistant
catalyst. Bioresour Technol 2011;102(3):2665e71.
[17] Geo VE, Nagarajan G, Nagalingam B. Experimental investigations to improve
the performance of rubber seed oilefueled diesel engine by dual fueling with
hydrogen. Int J Green Energy 2009;6(4):343e58.
[18] Ramadhas A, Jayaraj S, Muraleedharan C. Dual fuel mode operation in diesel
engines using renewable fuels: rubber seed oil and coir-pith producer gas.
Renew Energy 2008;33(9):2077e83.
[19] Geo VE, Nagarajan G, Nagalingam B. Studies on improving the performance of
rubber seed oil fuel for diesel engine with DEE port injection. Fuel
2010;89(11):3559e67.
[20] Ramadhas A, Muraleedharan C, Jayaraj S. Performance and emission evalua-
tion of a diesel engine fueled with methyl esters of rubber seed oil. Renew
Energy 2005;30(12):1789e800.
Y. Zhu et al. / Energy 69 (2014) 837e842842[21] Satyanarayana M, Muraleedharan C. Comparative studies of biodiesel pro-
duction from rubber seed oil, coconut oil, and palm oil including thermog-
ravimetric analysis. Energy Sour Part Recovery Util Environ Eff 2011;33(10):
925e37.
[22] Yusup S, Khan M. Basic properties of crude rubber seed oil and crude palm oil
blend as a potential feedstock for biodiesel production with enhanced cold
ﬂow characteristics. Biomass Bioenergy 2010;34(10):1523e6.
[23] Satyanarayana M, Muraleedharan C. A comparative study of vegetable oil
methyl esters (biodiesels). Energy 2011;36(4):2129e37.
[24] FAO. FAOSTAT database of natural rubber harvest area 2011; 2014.
[25] Jamieson G, Baughman W. Para rubber seed oil. J Am Oil Chem Soc
1930;7(11):419e21.
[26] Gandhi V, Cherian K, Mulky M. Nutritional and toxicological evaluation of
rubber seed oil. J Am Oil Chem Soc 1990;67(11):883e6.
[27] Morshed M, Ferdous K, Khan MR, Mazumder M, Islam M, Uddin MT. Rubber
seed oil as a potential source for biodiesel production in Bangladesh. Fuel
2011;90(10):2981e6.
[28] Jianbai C. Rubber seed oil and u-3 fatty acid. Tropical Agric Sci Technol
2000;23(1):10e2.
[29] Jianbai C, Meiying H, Xuhua B. Study progress on seed oil of rubber Hevea in
Yunnan. Tropical Agric Sci Technol 2004;27(4):21e4.
[30] Zhao P, An F, Yu X, Peng M. Progress on exploitation and utilization of rubber
seeds. Chin J Tropical Agric 2008;2.
[31] Xiankun L, Changjiu S, Bohuang L. Development and utilization of biodiesel
extracted from rubber seed. Tropical Agric Sci Technol 2009;32(2):14e6.
[32] Qianwen C. Preliminary research on the chemical compositions of Hevea
brasiliensis and its comprehensive utilizations. J Central South For Univ
1999;19(4):58e60.
[33] Weiwei L, Youyong S, Wudi Z, Shiqing L, Chaofeng X. Preparation of biodiesel
fuel with rubber seed oil. China Oils Fats 2005;30(10):63e6.
[34] Wu C, Yin X, Yuan Z, Zhou Z, Zhuang X. The development of bioenergy
technology in China. Energy 2010;35(11):4445e50.[35] Li Z, Fox JM. Mapping rubber tree growth in mainland Southeast Asia using
time-series MODIS 250 m NDVI and statistical data. Appl Geogr 2012;32(2):
420e32.
[36] Jianchu X, Grumbine RE. Landscape transformation through the use of
ecological and socioeconomic indicators in Xishuangbanna, Southwest China,
Mekong Region. Ecol Indic; 2012.
[37] Zhuangfang Y. Natural forests and rubber plantations in Xishuangbanna: can
market-based ecological compensation mechanisms tip the balance towards
restoration. Xishuangbanna Chinese Academy of Sciences; 2012.
[38] Xizhu Z, Huang H. Rubber trees, technology of cultivation and rubber tapping.
Beijing: China Agriculture Press; 2008.
[39] Baoguo T. Chorography of Dongfeng state farm 1998e2007. Kunming:
Yunnan People’s Publishing House; 2008.
[40] Chapman CA, Chapman LJ, Wangham R, Hunt K, Gebo D, Gardner L. Estimators
of fruit abundance of tropical trees. Biotropica; 1992:527e31.
[41] Jessen RJ. Determining the fruit count on a tree by randomized branch sam-
pling. Biometrics 1955;11(1):99e109.
[42] Wadt LH, Kainer KA, Gomes-Silva DA. Population structure and nut yield of a
Bertholletia excelsa stand in Southwestern Amazonia. For Ecol Manag
2005;211(3):371e84.
[43] Kainer KA, Wadt LH, Staudhammer CL. Explaining variation in Brazil nut fruit
production. For Ecol Manag 2007;250(3):244e55.
[44] Zhu Y, Xu J, Mortimer PE. The inﬂuence of seed and oil storage on the acid
levels of rubber seed oil, derived from Hevea brasiliensis grown in Xish-
uangbanna, China. Energy 2011;36(8):5403e8.
[45] Pingmei G, Fenghong H, Qingde H. Preparation of biodiesel from waste oil
with high acid value. China Oils Fats 2006;31(7):66e9.
[46] Hill S, Stephenson D, Taylor B. Almond yield in relation to tree size. Sci Hortic
1987;33(1):97e111.
[47] Huasun H. Fifty years history of rubber germplasm breeding in China. Beijing:
China Agriculture Press; 2005.
[48] FAO. FAOSTAT database of crops production (oils) 2011; 2014.
